The ultimate goal of the project is the installation of a monitoring network for continuous measurement and recording of nonionizing electromagnetic (EM) radiation levels in the wider area of Banja Luka city centre covering about 10 km 2 . For this reason it was necessary to make an optimal choice from a dozen of measurement points with the maximum value levels of total EM field. It was a difficult task, because in this case, with the resolution of 5m × 5m, approximately 400,000 points should be examined. Therefore, the pedestrian zones, areas, and routes with significantly smaller surfaces but with the largest flow of people have been examined, so the time required for their mapping with values of total EM field has been reduced to a more realistic framework. In this paper, in the volume allowed by the defined criteria, a fast and reliable experimental method has been described, which has been examined at one of the studied areas in the named project, with surface of 0.008 km 2 .
Introduction
Public systems of mobile telephony are nowadays commonplace communication technology around the world. This wireless technology relies upon an extensive network of fixed antennas or base stations, exchanging information by means of radio frequency (RF) signals. About two million base stations exist worldwide and the number is increasing significantly with the introduction of fourth generation technology devices and also with planning and developing the fifth generation of it. During the last decade, the installation and operation of several wireless networks, such as GSM, UMTS, TETRA, and Wi-Fi systems, have led to an increasing public concern about the exposure to EM radiation emitted by such sources. In conjunction with traditional broadcasting systems (FM Radio and VHF-UHF TV), radar systems, and so forth, these concerns require the continuous information regarding public exposure to EM radiation levels. The first step for estimating the exposure levels is the so-called "ad hoc" measurements. Those measurements are referred to a specific time (usually 1-2 hour during the day, e.g. during the peak traffic hour) and date. On the other hand, the notion of continuous measurement of EM radiation levels on a basis of 24 hours is more appealing to the concerned public. Namely, due to the fact that the radio-frequency range is active 24 hours a day, the monitoring process must cover the same period of time, as well. Only under such conditions, the full image on the use of the observed frequency ranges can be acquired. This is due to the fact that the recorded values can be directly compared to the public exposure limits (reference levels-safety values), which are set by the relevant organizations, such as ICNIRP [1] , and local governmental authorities [2] . Namely, the protection against acute health effects is defined through exposure limits that are given as the 2 International Journal of Antennas and Propagation values of electric, magnetic, and electromagnetic field which shall never be exceeded in any exposure condition [2] . Also, the quality targets are the set of field safety values that should be pursued, when a new telecommunication infrastructure is planned, as discussed in [3] . It is not important if the structure is isolated or inserted in a context where other installations already exist. As an example, during a base station planning phase, it is necessary to take into account the fact that the field level in proximity of the structure should not exceed the quality targets, no matter if the station is a single structure or coexisting with other similar installations. In such case, a reduction of emitted power by the station itself or by the surrounding emitting structures should be imposed. Furthermore, the same quality targets may be imposed by the local authorities in densely crowded areas (like airports and railway stations, etc.) even in the case of a reduced presence time.
For that reason, a network for the measurement and recording of nonionizing electromagnetic radiation levels during 24 hours is one of the best solutions serving such purposes, as discussed in [3, 4] . Another important parameter of such network is the ability to present the measurement results to the public via a user-friendly web site. This is also necessary for practical reasons, because in real life the authorized use of frequency spectrum does not guarantee that it is properly used. This can happen due to complex or incorrect equipment, interaction with other types of equipment, or intentional abuse.
It is possible that the main concern in monitoring network design was to ensure the independence of the measurements carried out, so the citizens might be confident that the presented results were not influenced by particular interests, such as those from telecommunication operators, as well as political parties or other similar groups. To this aim, network must be entirely funded by public money, without any form of sponsorship by operators or other noninstitutional subjects.
In addition, in monitoring networks design, it is important that measuring points, in which sensors sensitive to EM fields would be placed, are chosen as the best representatives in the project area. Representative measuring points for the monitoring network are those with the maximum EM field levels of nonionizing radiation.
As the treated area was approximately 10 km 2 , with a resolution of 5 m × 5 m, the number of potential measurement points was about 400,000. Measurement of EM field radiation in all these points would require a few years. Because of that, a way had to be found to locate the points with the maximum levels in reasonable and acceptable time. For now, it was possible to proceed only with the assistance of fast and reliable experimental method (discussed here), based on occupancy quality software for urban EM wave propagation modelling [5] .
Fast and Reliable Experimental Method
Under this method, the following activities are considered:
(a) software prediction of the total EM field on the surface with a good resolution which means acceptable and reasonable number of points (e.g., 320), (b) measurement of total EM field at the same points, (c) measurement and prediction results comparison, (d) software prediction of total EM field on observed area of 10 km 2 in a great number of points (e.g., 400,000), (e) locating of points with maximum value of total EM fields, (f) additional measurement at point(s) with maximum electric field value(s) and immediate surrounding area of that point(s).
So, first the software prediction of total power density and total electric field strength for each of all the existing licensed sources of electromagnetic radiation was separately conducted, except microwave links and professional mobile radio (PMR), such as GSM900 MHz, DCS1800 MHz, UMTS 2100 MHz, FM radio, TV 5-12th channels, and TV 21-66th channels. All necessary relevant technical data about these sources were obtained from the Communications Regulatory Agency of Bosnia and Herzegovina. The simulation was performed by using a powerful software tool, Wireless InSite (WI) [6] , developed by Remcom USA company. In this case, an area of approximately 0.008 km 2 was observed, with a resolution of 5 m × 5 m (320 points). This program predicts how the locations of the transmitters and receivers within an urban area affect signal strength, also models the physical characteristics of rough terrain and urban building features, performs the electromagnetic calculations, and then evaluates the signal propagation characteristics. The computations are ray based with reflections from ground (triangular pixels) as well as from building walls and roofs. Wireless InSite makes these calculations by shooting rays from the transmitters and propagating them through the defined environment. These rays interact with environmental features and make their way to the receivers. Interactions include reflection of the ground or of the building surface, diffraction of the building edge, or transmission through the wall. The selected propagation model is Full 3D, which is the most complex from the viewpoint of computation time. This model places no restriction on object shape and includes transmission through surfaces. The selected ray tracing method is SBR (Shot-and-Bounce Ray). Ray paths are traced without regard to the location of specific field points. Rays are first traced from the source points. Some of them that hit building walls would be reflected and then continue to be traced up to the maximum number of reflections. For the particular application, rays are stopped when they hit the study area boundary. WI combines the ray paths, which follow nearly the same path through environment, with the phase. It then adds the powers of all the correlated groups. Software prediction results are given in the form of colour maps, tables, and diagrams. The measurements were performed by using FSH3 spectrum analyzer from Rohde&Schwarz [7, 8] . The measurement results are also presented in the form of tables and diagrams.
EM Field Prediction at Krajina
Square. Krajina square shown in Figure 1 , together with seven typical routes, was chosen for this occasion, as the busiest pedestrian zone with the largest population flow in the city. For quality and reliable software prediction of the electromagnetic field spatial distribution, or to simulate the propagation of EM waves, it is necessary to possess highquality prediction and simulation software; databases to store the location and technical details of all transmitters and antennas; digital maps that contain terrain heights at locations with a resolution good enough and a map that shows land use (e.g., urban, rural, etc.) as the terrain height map of the observed area; appropriate computer hardware capacity. Wireless InSite software provides efficient and accurate predictions of radio wave propagation and communication channel characteristics in complex urban, suburban, indoor, rural, and mixed path environments.
Before the software prediction of the spatial distribution of EM fields for the observed area of 10 km 2 was carried out, all relevant data about sources of EM radiation were collected in the database. That enabled the data entry to WI program for By using WI editing tools, virtual objects and surrounding terrain can be constructed or the same data can be imported from several different formats such as DXF, Shapefile, DTED, and USGS. In this case, a digital map of Banja Luka city in GK6 map projections, made by GisData Effective Solutions company from Zagreb, Croatia, was used [9] .
GIS data represent real objects and parameters such as buildings, roads, trees, water flows, height, length, and configuration of terrain in digital form. Digital orthophotos of observed area are the satellite images with resolution of 1 meter in Tiff format. 3D models of all buildings have height attributes (the absolute height of the building and the relative height of the building).
Data for objects and terrain are given in ESRI shape format, whereby the available terrain model has 20 m × 20 m resolution and a height accuracy of 10 m. Adaptation of digital data used for WI software was successfully performed only after consultation with the manufacturer of the program and additional data conversion.
Thanks to the WI program and all submitted data, it was possible to make the simulation of physical characteristics of rugged terrain and buildings in urban environment, to calculate the electric field strength (EFS) due to the presence of buildings, facilities, and terrain on EM wave propagation, and finally to evaluate the signal propagation characteristics in the frequency range from 50 MHz to 40 GHz. More details about this are described in [10, 11] .
Software prediction of the spatial distribution of total electric field strength ( rms ), caused by the radiation of all GSM900, DCS1800, UMTS2100, TV5-12th, TV21-66th, and FM radio transmitters, on the surface of approximately 0.008 km 2 in the centre of Banja Luka, was shown on six maps in Figure 2 . Figure 2 is a magnified part of the square from Figure 1 , and white areas on all maps represent buildings and structures. Software prediction of rms was performed with the resolution of 5 m × 5 m, which means that the appropriate value of rms is assigned to each of the 320 points and is symbolically represented in colour and in accordance with the legend below the maps. The points were numbered in the same manner as the WI program numbers the receiving points from left to right, so the 1st point is placed in the lower left and the 320th point is placed in the upper right corner of the observed surface, as shown in Figures 2 and 3 . Each new row begins with a number which is higher for one number than the last number of the previous neighbouring row, (e.g. first row ends with number 4, the second row starts with number 5) as shown in Figure 4 as well.
WI software counts the total electric field strength like root mean square. For example, rms caused by radiation from 85 GSM900 transmitters for = 1 to 320 points is calculated according to
It is obvious in Figure 2 that the dominant colours are for GSM900 MHz (a) yellow and orange; DCS1800 MHz (b) and UMTS2100 MHz (c) orange and red; TV5-12th (d), TV21-66th (e), and FM radio (f) yellow and green. So, in accordance with the legend, it can be concluded that (a) DCS1800 MHz transmitters are the biggest and FM radio broadcasters are the smallest "polluters" of the environment, in this case;
(b) the mobile telephony transmitters are larger "polluters" of the environment than television and radio broadcasters, in this case. WI software separately displays the results in the form of tables for each studied source of radiation, but due to the very limited space in this paper, it is not possible to show all of it. For the same reason, it is not possible to show the complete schedule for all 320 points. Therefore, points Rx, with the assigned numbers (5706 ⋅ ⋅ ⋅ 9344) by WI software. Figure 3 shows software prediction of total electric field strength obtained according to (2) for each of the 320 points. Consider the following:
As expected in Figure 3 , red colour is the prevailing one, which means that the average total field value is about 6 dBV/m (2 V/m) in accordance with the legend below. Visually, using simple method, as it was explained in [6] , points with minimum (−5 dBV/m or 0.55 V/m)) and maximum (12.5 dBV/m or 4.2 V/m) values of EM fields can be located, respectively. Also, Table 2 shows the software predictions of total electric field strength at 24 points with potential maximum values. In the first column, 24 points (23 ⋅ ⋅ ⋅ 304) are selected, and in the second, third, fourth, fifth, sixth, and seventh columns are the software predictions of total electric field strength for GSM900, DCS1800, UMTS2100, TV5-12th, TV21-66th, and FM radio, respectively.
Total electric field strength according to (2) and quotients between the above mentioned total values and their public 318  313  306  297  286  274  263  252  242  232  220  207  194  181  169  157  145  132  118  104  90  77  65  54  45  37  31  26  23  20  17  13  9  5 6 exposure limits ( / ) obtained according to (3) are shown in the last two columns. Consider the following:
The value is the standard threshold for electric field strength value in V/m, expressed as a function of frequency defined in [1] . It is obvious that the expected value of the total electric field strength is significantly below all limits prescribed in [1, 2] . Also, in all prediction points, a condition for the reference values in (3) is fully satisfied, in the case of electromagnetic fields caused by multiple sources at different frequencies [2] . 
EM Field Measurements at Krajina
Square. EM field broadband measurements were performed with portable system from Rohde&Schwarz [7] , which consists of FSH3 spectrum analyzer, TS-EMF three orthogonally isotropic antenna sensors with the tripod and laptop PC ( Figure 5 ). In conjunction with software R&S RFEX [8] , which has been especially designed for environmental EM compatibility applications, the system has been used for accurate measurements and statistical evaluation of the resultant electric field strength in the frequency range from 30 MHz to 3 GHz, particularly in densely populated areas. The isotropic radiation pattern of the sensor considerably simplifies measurements since it need not be carried out with different polarizations and in different directions. This means that the sensor used for measurements did not have to be positioned in any particular direction during the measurements, as the total electric field strength was calculated according to (4) for each band as follows:
So, the results of measurement are mean values, in a long time interval (6 min), of the electric field strength caused by six examined radio communication services. Measurement of total electric field strength in each point took 36 minutes of time, because 6 different bands were measured in each point. Total electric field strength measurements were performed in accordance with [12] , at the same 320 points in which the software prediction was previously performed. Figure 6 shows measurement map of total electric field strength in the same 320 points, as it was previously indicated. Also, Table 3 presents the measurement results in the same 24 points in which the maximum values of were previously
International Journal of Antennas and Propagation 7 Table 3 : Measurement results of total electric field strength at 24 maximum points. predicted, wherein 1 to 6 represent the measured electric field strength for six specified frequency bands in the header of the table. In the eighth and ninth columns there are values of Σ / and the total electric field strength obtained by using (2) and (3) in which the measured electric field strength values are used, instead of the predicted ones.
Comparison of Measurement and Prediction Results.
Comparison of measurement and software prediction results of total electric field strength was carried out in two ways, by visual comparison of colour maps and by the comparison of table results displayed in 320 points. Namely, it is obvious that colour maps are not the same but they have closely similar mosaics, because the points with maximum values are located at almost the same places. Table 4 shows, for example, a comparative overview of software prediction and measurement results of electric field strength in 24 points selected from the table with 320 measurement and prediction points. The fifth and the sixth columns are deviation , expressed in V/m, and deviation , expressed in dB, presented, respectively, and calculated in accordance with (5) as follows:
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International Journal of Antennas and Propagation It is obvious from Table 4 that the predicted values of the total electric field strength are greater than the measured values at all observed points, and the diagram for 24 points with maximum values in Figure 7 shows that predicted values have their maximums at almost the same points as the measured values. In that way, the maximum value in the 234th point (4.20 V/m), obtained by prediction, was confirmed by measuring the maximum value (3.91 V/m) in the same point. The same case is at all the other points except at 118th point (0.91 V/m). All of the stated above is confirmed by Figures 8 and 9 , as well, where it is clear that deviation is in range from 0.054 V/m up to 1.525 V/m or deviation from 0.046 dB up to 4.44 dB.
Discussion.
Results obtained by software prediction and measurements are different because the mobile traffic changes significantly over time. Namely, some objects are changing their position versus time which leads to hardly predictable field distributions. Such moving scatterers can be not only persons or cars but also windows or doors. Apart from the impact of such objects, the influence of seasonal variations and the weather should also be considered. Field propagation can vary due to snow, rain, and other ambient 9  17  25  33  41  49  57  65  73  81  89  97  105  113  121  129  137  145  153  161  169  177  185  193  201  209  217  225  233  241  249  257  265  273  281  289  297  305  313  320 Measurement points conditions, for example, wet versus dry ground, snow, and humidity. Also, as a rule, the predicted values exceed the measured ones. That is the consequence of the software approximation of some parameters and because of the influence of the environment leading to multipath EM wave propagation causing fading effects due to multiple reflections, disseminations, diffractions, and absorptions of the signals on different objects, for example, buildings, ground, or trees which do not exist in the digital city map in this case. The measurement results are 6-minute mean values in contrast to the prediction results where it is presumed that transmitters work continuously and simultaneously. In addition, it should be noted that within contemporary mobile base stations two significant techniques are applied: automatic power control (the power transmitted by the base stations can be changed depending on the propagation conditions that exist between base station and mobile terminal) and the radiation with interruptions (transmitter of base station can be excluded from transmitting the signals when the speaker stops his conversation). However, spatial field distributions derived by prediction and measurement have close similarity, and predicted values have their maximums at almost the same points as the measured values. Therefore, WI software is a reliable tool for planning of territory signal coverage and 1  9  17  25  33  41  49  57  65  73  81  89  97  105  113  121  129  137  145  153  161  169  177  185  193  201  209  217  225  233  241  249  257  265  273  281  289  297  305  313 especially for locating the points at which the maximum value of the electric field strength can be expected.
Locating of the Points with the Maximum Value at Area
Surface of about Ten Square Kilometres. At first, a software prediction for total electric field strength for each of the licensed sources of EM radiation, such as GSM 900 MHz, DCS1800 MHz, UMTS2100 MHz, TV 5-12th channel, TV 21-66th channel, and FM radio, was conducted separately in the wider city centre of Banja Luka (area of about 10 km 2 surface), in the same way as it had previously been performed for significantly smaller surface. Here typical representatives are, for example, only total electric field strength prediction maps of DCS1800 MHz mobile ( Figure 10 ) and TV 5-12th channel broadcasting services (Figure 11 ).
These figures clearly show that the levels of electric field strength values had been incurred due to broadcasting of TV and FM radio transmitters and that they are significantly lower than the levels caused by radiation of mobile systems on this area. This means that those lower levels have negligible impact on maximum values of electric field strength, and therefore they are not taken into account in further consideration. Using suitable selection of minimum and maximum value of electric field strength in colour legend given by WI software [6] , maps with very visible maximum values (red points) were obtained. A map of maximum values of total electric field strength (Figure 13(b) ) was obtained quickly and simply by overlapping maps of maximum values of total electric field strength caused by radiation of mobile systems (Figures 12(a) , 12(b), and 13(a)). Of course, in the map legend of total electric field strength, different minimum and maximum values (7 and 10) dBV/m are selected, in relation to mobile services (4 and 6) dBV/m. Now it was very easy to determine the location of points with maximum values by additional measurements approximately in twenty points in areas labelled with red colour, in order to precisely locate points with maximum values of total electric field strength [6] .
Those points are shown in Table 5 in rows from the highest ( 1 ) to the lowest ( 10 ) maximum values (except the predicted values in points 2 and 7 ). Figure 14 shows diagrams of ten predicted and measured maximum values of total electric field strength and the sum of quotient obtained by using (3) . Although measured values are mainly less than predicted values, however, they follow the predicted values (except in point 7 ), so the measured maximum values are located in most of the cases at the same places as the predicted ones. For easier orientation, all points with maximum values of total electric field strength are labelled on Google map in Figure 15 .
Conclusion
A satisfying similarity between prediction and measurement results is actually a verification of Wireless InSite (WI) software accuracy and it can be stated that WI is acceptably accurate and is a very reliable urban wave propagation calculation tool for planning and designing mobile wireless networks.
As such, it can be successfully used to locate the points in which the maximum values of the total electric field strength can be expected, like places for the potential installation of sensitive measuring sensors, as the basic components of the system for continuous remote monitoring and storage of nonionizing EM field radiation values.
Also, the measurement results indicate that the nonionizing electromagnetic radiation levels are several times below the reference levels defined by the European Commission Recommendation 1999/519/EC and the Bosnia and Herzegovina Rulebook 37/2008, and there is no danger to general population health in this case. Generally speaking, the results presented in this paper indicate that this modern experimental method is very useful and practical, especially when a new telecommunication infrastructure is planned or inserted in a context where other installations already exist, for fast and efficient detection of possible locations with critical values of total electromagnetic fields that could endanger human health.
In other words, during a base station planning phase, it is necessary to take into account the fact that the field level in proximity of the structure should not exceed the safety values, no matter if the station is a single structure or coexisting with other similar installations. In such case, a reduction of emitted power of the station itself or of the surrounding emitting structures should be imposed. Actually, the method described here provides the possibility to each subsequent new-projected source of EM radiation to be positioned that way, so such situation cannot occur.
